[3H]zeatin was supplied through the transpiration stream to de-rooted lupin (Lupinus angustifolius L.) seedlings. The following previously known metabolites were identified chromatographically: 5'-phosphates of zeatin riboside and dihydrozeatin riboside, adenosine-Y-phosphate, zeatin riboside, zeatin-7-glucopyranoside, zeatin-9-glucopyranoside, adenine, adenosine and dihydrozeatin. Five new metabolites were purified; four of these contain an intact zeatin moiety. Two were identified unequivocally, one as I. -fi-[6-(4-hydroxy-3-methylbut-trans-2-enylamino)-purin-9-yl]alanine, a metabolite now termed lupinic acid, and the second as O-fi-o-glucopyranosylzeatin. These two compounds were the major metabolites formed when zeatin solution (100 gM) was supplied to the de-rooted seedlings. The radioactivity in the xylem sap of intact seedlings, supplied with [3H]zeatin via the roots, was largely due to zeatin, dihydrozeatin and zeatin riboside. When [3H]zeatin (5 gM) was supplied via the transpiration stream to de-rooted Lupinus luteus L. seedlings, the principal metabolite in the lamina was adenosine, while in the stem nucleotides of zeatin and adenine were the dominant metabolites. O-Glucosylzeatin and lupinic acid were also detected as metabolites. The level of the latter varied greatly in the tissues of the shoot, and was greatest in the lower region of the stem and in the expanding lamina. Minor metabolites also detected chromatographically were: (a) dihydrolupinic acid, (b) a partially characterized metabolite which appears to be a 9-substituted adenine (also formed in L. angustifolius), (c) glucosides of zeatin riboside and/or dihydro- Abbreviations." Me3Si=trimethylsilyl, TLC=thin-layer chromatography, UV = ultraviolet studies indicated that O-glucosylzeatin was converted to its riboside, the principal metabolite formed, and also to adenosine, zeatin and dihydrozeatin. A thinlayer chromatography procedure for separating zeatin, dihydrozeatin, zeatin riboside and dihydrozeatin riboside is described.
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Introduction
Very little information is available concerning the distribution in the shoot of cytokinins supplied exogenously through the intact root or via the stem base of de-rooted seedlings (for review see Letham, 1978) . In plants exhibiting sequential leaf senescence and abscission (as e.g. in lupin), cytokinin distribution studies would be of particular interest because differential cytokinin supply to the leaves may be responsible for, or involved in, these phenomena. However translocation studies using radioactive cytokinins are of limited value if the identity of the translocated radioactivity is not known. The present investigations of cytokinin metabolites in lupin were initiated to provide a chemical basis for physiological studies of cytokinin translocation and metabolism in relation to sequential leaf senescence and abscission and other phenomena in lupin seedlings.
In a preliminary publication (Parker et al., 1975) , we reported the purification of two metabolites of zeatin from Lupinus angustifoIius. One was identified as O-fi-D-glucopyranosylzeatin, a metabolite not previously reported, while the other appeared to be a purine-amino acid conjugate, although the exact structure was not established. In the present paper and in a related chemical paper (Duke et al., 1978 
Materials and Methods

Chemicals
[G-3H]Zeatin (160 mCi/mmol) was prepared as described by Letham and Young (197t) and for some studies was diluted with unlabelled compound to give a specific activity of 16 mCi/mmol. The [3H]lupinic acid and O-glucosyl-[3H]zeatin supplied to lupin leaves were the 3H-labelled metabolites purified as described below and then diluted with synthetic compound prepared according to Duke et al. (1978) .
Dihydrolupinic acid was synthesized by the following method. A solution (20 ml) of DL-lupinic acid (20 mg; for synthesis see Duke et al., 1978) in ethanol-acetic acid (1:1, v/v) was stirred with 10% palladium on carbon (12 rag) for 12 h under an atmosphere of hydrogen. The two major products were separated by preparative TLC on silica gel (solvent A) to yield a low-Re compound (6 mg) and a high-R e compound (7 mg). These were further purified by cation exchange chromatography and crystallization from ethanol-water. Dihydrolupinic acid (low Re compound) was obtained as colourless crystals, m.p. 208 ~ C; ~,x at pH 3, 6 and 11:266.5, 270.5 and 270.5 nm respectively. The molecular ion was not evident in the mass spectrum, the two ions of highest mass Westralian Farmers Co-op., Perth, W.A., Australia) by the same method except that the seedlings were not exposed to an air current. With the exception of leaves supplied with O-glucosyl-[3H]zeatin which were extracted with 80% methanol at 2 ~ C, all extractions were performed as outlined below. The tissue was dropped into 80% methanol (12 ml/g tissue) at 60~65 ~ C, held at this temperature for 5 min, cooled rapidly to 20 ~ C, and then homogenized. The clarified extracts were evaporated (<40 ~ C) and the residue was dissolved in 50% ethanol (1.7 ml/g tissue) for chromatography.
Uptake of Labelled Compounds, Tissue Extraction and Preparation of Xylem Sap
For collection of xylem sap, lupin seedlings grown for 17 d in sand were deprived of water for 48 h. The sand was then moistened with 2 mM phosphate buffer (pH 6.0) which contained [G-3H] zeatin at 12 gM. The seedlings were decapitated mid-way along the hypocotyl 9 h later. The exudate which appeared soon after decapitation was collected on filter paper and discarded. The droplets of sap which subsequently formed were collected over 4d on small filter-paper wedges; these were placed in 50% methanol after each collection. The combined eluates were evaporated and dissolved in 50% methanol for chromatography.
Chromatographic and Electrophoretic Methods
The following materials were used for TLC: Camag D-5 Silica Gel (Camag A.G., Muttenz, Switzerland) which was used only with solvent H for separation of zeatin and zeatin riboside from the corresponding dihydro compounds; Merck PF2s4 Silica Gel 60 (E. Merck, Darmstadt, Germany) for all other silica-gel TLC; and Serva cellulose (Serva Feinbiochemica, Heidelberg, Germany) . Woelmgreen fluorescent indicator (M. Woelm, Eschwege, Germany) was incorporated into the Camag Silica Gel and Serva cellulose (0.4 and 0.8%, respectively) prior to spreading the layers. Camag Silica-gel plates were washed prior to use by allowing methanol to flow to the top of the layer. Borate-impregnated silica-gel layers were prepared by slurrying Merck Silica Gel with 0.05 M sodium tetraborate. For preparative TLC, layers were 1 mm thick; the thickness of all other layers was 0.25 ram. For final purification of metabolites before mass spectrometry, chromatography was performed on Schleicher & Schiill 2040b washed paper (Schleicher & Schfill, Dassel, Germany); the paper was rewashed exhaustively with 20% ethanol prior to use. In all other paper chromatography, Schleicher& Schfill 598L paper was used. All electrophoresis was carried out on Whatman No. 3mm paper (W. and R. Balston, Maidstone, U.K.) at 40 V/cm.
The following solvent systems were used for chromatography (proportions are by volume):
A, butan-l-ol-t4 N ammonia-water (6:1:2, upper phase) B, butan-l-ol-acetic acid-water (12:3:5) C, butan-l-ol saturated with water, used in an atmosphere containing ammonia D, ethyl methyl ketone-acetic acid-water (16:1:4) E, ethyl methyl ketone-acetic acid-water (4: 1:2) F, water-saturated butan-t-ol saturated with Na2B40 7 -10HzO G, chloroform-methanol (9:1) H, methyl acetate-ethanol-2,2-dimethoxypropane (90:10: 1) with 5 drops of formic acid per 100 ml. The formic acid and dimethoxypropane were added to the tank 5 10 rain before use and TLC was performed at 3 ~ C. At 20 ~ C the separation was still obtained, but the spots were more diffuse.
When used with Camag Silica Gel, solvent H gave a satisfactory separation of zeatin, dihydrozeatin, zeatin riboside and dihydrozeatin riboside, the layers being developed twice using freshly prepared solvent on both occasions. The separation on Merck PF254 Silica Gel was less satisfactory, and no separation at all was obtained on pre-coated Merck HPTLC Silica-gel 60 F2s4 plates.
Columns for cation exchange chromatography were packed with Whatman P1 (floc) cellulose phosphate (W & R. Balston, Maidstone, U.K.) and were used in the NH~ form equilibrated to pH 3.0.
Radioactivity in chromatogram zones was determined by elution and liquid scintillation counting as described previously (Gordon et al., 1974) .
